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Asymmetric division: Dynastic intricacies of neuroblast division
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The cytoplasmic determinants Numb and Prospero are
distributed asymmetrically into the daughter cells of
Drosophila neuroblasts. The proteins encoded by the
genes inscuteable, staufen and miranda are involved in
the localisation of Prospero.
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When cells divide, they generally give rise to two identical
cells — twins, so to speak — but sometimes the products
of a cell division are different. Divisions of the first type
are said to be symmetric, those of the second asymmetric.
The developing nervous system of insects is one of the
tissues in which asymmetric divisions have been amply
documented: progenitor cells of the central nervous system
(neuroblasts) and of the sensory organs (sensory organ pre-
cursors) frequently give rise to dissimilar progeny. What
makes the daughter cells produced by an asymmetric divi-
sion different? One generally accepted view is that the
mother cell distributes its cytoplasm unequally; that is to
say, one of the daughters inherits something the other
daughter does not. This ‘something’ is called a cytoplas-
mic determinant, and is thought to modulate gene activity
to achieve cell differentiation.
Cytoplasmic determinants have been on embryologists’
minds since the turn of the century — particularly those
required to control early stages of development, which are
stored within the egg as maternal mRNAs. A prime
example is the RNA encoding the Drosophila morphogen
Bicoid. However, the determinants that will concern us
here act later in development, when cell differentiation
becomes manifest. Their identification has been rather
difficult, but data on cytoplasmic determinants of neural
cells in Drosophila have been accumulating over the last
few years. Two recent papers [1,2] describe molecules and
propose mechanisms that localise the cytoplasmic deter-
minant Prospero in neuroblasts.
In Drosophila, the proteins Numb and Prospero are
asymmetrically distributed to daughter cells of neuroblasts
and sensory organ precursors, where they act as determi-
nants of cell fate. Numb is membrane associated and was
identified by a mutation that transforms one particular cell
type in the sensory organs into another [3]. Prospero is a
homeodomain protein required for developing central and
peripheral neural cells to assume a specific developmental
fate [4–7]. During mitosis, both proteins are localised to a
crescent in the basal moiety of the neuroblasts and are
thus segregated to the basal daughter cells, the so-called
ganglion mother cells that will divide once more to produce
two neurons. Numb acts as a determinant in the develop-
ment of the sensory organ precursors, but it is unclear
whether it plays such a role in the ganglion mother cells.
However, Prospero is required in the ganglion mother
cells to repress neuroblast-specific genes and to activate
ganglion-mother-cell-specific genes [4,5]. Although prospero
is transcribed and the mRNA translated in all neuroblasts,
the protein is found in the nucleus in only the ganglion
mother cells [5–7].
There is a strict correlation between the position of the
Prospero and Numb crescents and the orientation of the
mitotic spindle [7–8]. This correlation is expected, as the
molecules are distributed asymmetrically to the daughter
cells. Localisation of Prospero protein is preceded by
localisation of prospero RNA in the neuroblast [1]. Strik-
ingly, the position of both RNA and protein within the
neuroblast changes as a function of cell-cycle phase (Figure
1). Thus, prospero RNA and protein are located in the
apical portion of the neuroblast during interphase, but
move to the basal side at the beginning of mitosis, remain-
ing there from prophase to telophase, eventually to be
inherited by the ganglion mother cell [1,7,8].
One of the elements responsible for the asymmetric
localisation of Prospero (and Numb) is the protein encoded
by inscuteable, which is also localised to the apical side of
the neuroblast during interphase (Figure 1) [8,9]. The
apical localisation of Inscuteable is lost in anaphase [8]. In
inscuteable mutants, prospero RNA remains in the apical
cortex of the neuroblast, and Prospero and Numb are
diffusely distributed rather than concentrated in basal
crescents (Figure 1). As Inscuteable is also required for
mitotic spindle orientation along the apical–basal axis [8],
segregation of determinants to the progeny of the neuro-
blast depends ultimately on Inscuteable. But as Inscute-
able remains restricted to the apical side until metaphase,
whereas Prospero (and Numb) are already in the basal side
early in mitosis, other molecules must be required to
shepherd the determinants to their final, basal locations.
In the hope of identifying such molecules, Li et al. [1] and
Shen et al. [2] used the yeast two-hybrid system to iden-
tify proteins that may be involved in the localisation of
prospero RNA and protein. 
From their search for proteins that interact with Inscute-
able, Li et al. [1] found Staufen.The maternal-effect gene
staufen belongs, together with tudor, vasa and valois — all
named after extinct European dynasties — to the group of
so-called ‘posterior’ genes, required for specification of the
posterior end of the Drosophila embryo. Staufen protein
is known to bind RNA, being required to localise bicoid
and oskar RNA to the anterior and posterior poles of the
Drosophila egg, respectively [10]. staufen is expressed in
neuroblasts and Staufen protein is distributed in an apical-
to-basal gradient in about 80% of all neuroblasts (Figure 1);
in the other neuroblasts, as well as late in mitosis in
essentially all neuroblasts, Staufen is distributed dif-
fusely. During interphase in most neuroblasts, however,
most Staufen protein is localised, like Inscuteable protein
and prospero RNA, in the apical part of the neuroblast.
Staufen protein can indeed bind the 3′ untranslated region
(UTR) of prospero RNA, suggesting that it could be
involved in the localisation of prospero RNA. In staufen
mutants, however, prospero RNA remains localised to the
apical cortex but does not move to the basal side at the
beginning of mitosis. The apical localisation of Prospero is
thus independent of Staufen [1]. In inscuteable mutants,
where, as mentioned above, Prospero localisation and
mitotic spindle orientation are defective [8], Staufen local-
ization is also defective [1]. Together, these observations
suggest that two different mechanisms control the apical
and basal localisation of prospero RNA. The former process
is independent of Inscuteable and Staufen, the latter
depends on both. The ability of Staufen to bind prospero
RNA suggests that, as in the oocyte [10], Staufen may con-
tribute, perhaps in a complex with Inscuteable, to the
basal displacement of prospero RNA [1].
Shen et al. [2] found a protein that can interact in vitro with
Prospero and Numb, and that in vivo is colocalised with
both proteins at the basal cortex of the neuroblasts. Fol-
lowing the Tempest theme, this protein has been called
Miranda. Prospero is cytoplasmic in miranda mutants, rather
than in cortical crescents as it is in wild-type embryos. As
a consequence, Prospero is equally distributed to both
progeny of the neuroblast division. Loss of miranda func-
tion does not, however, affect the localisation of Numb,
nor does loss of either numb or prospero affect the localisa-
tion of Miranda. 
Miranda is thus upstream of, and required for, asymmetric
localisation of Prospero, whereas Numb might act in a dif-
ferent pathway. Another, as yet untested, possibility is
that Miranda is also required for Numb localisation, but
the maternal contribution of Miranda is sufficient to keep
Numb correctly localised. The localisation of Miranda has
been found to be dependent on Inscuteable, as formation
of the Miranda — as well as the Prospero — crescent is
affected in inscuteable mutants. The proteins involved in
localising Prospero are thus hierarchically arranged, with
Inscuteable in the highest position, followed by Miranda,
which appears to act as an adaptor to localise Prospero at
the basal cortical membrane [2].
Some of these observations and results are supported, and
extended, by the recent work of Broadus and Doe ([11], in
this issue of Current Biology) using cell cultures. During
interphase of neuroblasts in vitro, Inscuteable, Prospero and
Staufen proteins are not localized as strong apical crescents
in the neuroblasts, suggesting that extrinsic cues — perhaps
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Figure 1
Schematic representation of the localisation in neuroblasts of the gene
products discussed in the text, compiling data from [1,2]. The ovals
represent the neuroblasts in interphase, prophase and telophase (the
apical side is at the bottom in each case); the circles represent the
nuclei and the threads are chromosomes. Dark colours represent
proteins and light colours RNA.
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interaction with the extracellular matrix or neuroecto-
derm — are involved in their localization. During mitosis,
however, the localization of these proteins is the same as in
vivo, and the mitoses are also asymmetric. Thus, protein
localization and unequal cytokinesis depend on cues intrin-
sic to the neuroblasts. Microtubules are dispensable for
localization [7,8,11]. However, microfilaments are essential
for anchoring all three proteins to either the apical (Inscute-
able) or the basal (Prospero and Staufen) cortex [11].
The new results thus suggest the following scenario. To
achieve displacement of the Prospero determinant, during
interphase a complex of Inscuteable and Staufen binds
prospero RNA in the apical region of the neuroblast, where
part of the RNA is translated. At the beginning of mitosis,
the Inscuteable–Staufen–prospero RNA complex is trans-
ported to the basal cortex. A microfilament-dependent
mechanism is involved in the asymmetric localization of
the proteins. As Prospero remains cytoplasmic in the
absence of Miranda, there may be an early requirement
for Miranda to take Prospero to the basal cortex from the
cytoplasm; both proteins are eventually segregated to the
ganglion mother cell. In the ganglion mother cell, the two
proteins dissociate; Prospero enters the nucleus to control
its genetic activity, and Miranda becomes undetectable.
By tuning the mechanisms of cortical localisation to the
phase of the cell cycle, evolution has ensured that deter-
minant is present where it is required and at the moment
when it is required.
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